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                \begin{document}$$\ell = e,\, \mu ,\, \tau $$\end{document}$) flavor-changing neutral-current transitions are important probes of the Standard Model (SM) and provide constraints on nonstandard effects in the flavor sector up to the TeV range. In recent years, phenomenological analyses focused on the exclusive modes $\documentclass[12pt]{minimal}
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                \begin{document}$$B$$\end{document}$ factories (Belle, BaBar) and the Tevatron (CDF) \[[@CR1]--[@CR19]\].

The goal is to measure a large number of observables accessible in the angular analysis of the decay distributions of the three- and four-body final states. With the CP-averaged observables one can test---in a model-independent fashion---the underlying short-distance couplings of the $\documentclass[12pt]{minimal}
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                \begin{document}$$B\rightarrow K^*$$\end{document}$ form factors \[[@CR22], [@CR28]--[@CR31]\], providing some additional data-driven control over these hadronic quantities.
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                \begin{document}$$1/m_b$$\end{document}$ expansions are important tools for the prediction of exclusive decays. At large hadronic recoil of the $\documentclass[12pt]{minimal}
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                \begin{document}$$q\bar{q}$$\end{document}$)-resonances, dominantly from charm, as well as the chromomagnetic dipole operator can be calculated using a light-cone operator product expansion (OPE) in combination with dispersion relations \[[@CR34]--[@CR38]\]. At low hadronic recoil, a local OPE \[[@CR39], [@CR40]\] can be employed. Its prediction of correlations between different observables can be tested experimentally through measurement of the observables $\documentclass[12pt]{minimal}
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                \begin{document}$$B\rightarrow K^*\ell ^+\ell ^-$$\end{document}$ \[[@CR28]\]. Hadronic form factors are a major source of theoretical uncertainties in the prediction of angular observables, whereas optimized observables are sensitive to higher-order terms in the $\documentclass[12pt]{minimal}
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As of 2011, several global analyses of the available data---differing in the degree of sophistication, the statistical approach, and the estimation of theory uncertainties---have been performed \[[@CR27], [@CR30], [@CR41]--[@CR44]\]. Recently, experimental updates from LHCb \[[@CR5], [@CR15], [@CR16], [@CR45], [@CR46]\] and CDF \[[@CR14]\] became available as well as analogous measurements from CMS \[[@CR6], [@CR17]\] and ATLAS \[[@CR18]\]. LHCb is the first experiment to measure optimized observables \[[@CR19]\]. Perhaps the most outstanding LHCb result is that the measured value of $\documentclass[12pt]{minimal}
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Based on the framework developed in our previous work \[[@CR30]\], we perform a global analysis using Bayesian inference, and we include a total of 28 nuisance parameters to account for theory uncertainties. Apart from new-physics parameters, our framework allows us to infer also $\documentclass[12pt]{minimal}
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                \begin{document}$$B\rightarrow K^{(*)}$$\end{document}$ form factors and the size of subleading contributions, thereby shedding some light on the origin of tensions between data and SM predictions. Compared to \[[@CR30]\], we include the most recent measurements, add additional observables to the fit, and account also for recent lattice calculations of form factors \[[@CR50], [@CR51]\] and other new theoretical results.

In Sect. [2](#Sec2){ref-type="sec"}, the model-independent framework of $\documentclass[12pt]{minimal}
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                \begin{document}$$B\rightarrow K^{(*)}$$\end{document}$ form factors in the SM and the two NP scenarios, and (3) the size of subleading contributions. We also compare our results with recent analyses that had access to the same experimental data. In Appendix A we summarize the theoretical predictions of newly included observables and changes in the treatment of form factors and subleading contributions.

Model-independent scenarios {#Sec2}
===========================
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In principle, the scalar, pseudo-scalar, and tensor $\documentclass[12pt]{minimal}
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                \begin{document}$$B\rightarrow K \ell ^+\ell ^-$$\end{document}$ as discussed in great detail in \[[@CR28]\]. However, only a few measurements of sensitive observables are currently available, with rather large uncertainties. We therefore abstain from including these operators into our analysis. Instead, we focus on comparing the SM to several new-physics scenarios with regard to their ability to describe the data well.
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Observables and experimental input {#Sec3}
==================================

In this section we describe changes of the experimental inputs that enter our global analysis with respect to our previous work \[[@CR30]\]. We first introduce observables which are newly added to the global analysis and refer the reader for details of their theoretical treatment to Appendix A. Afterward, we summarize those observables whose measurements have been updated, or for which additional measurements have since become available. In general we employ the full set of observables listed in Table [1](#Tab1){ref-type="table"} except for the last row and denote this as "full". Inclusion of the $\documentclass[12pt]{minimal}
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Updated experimental input {#Sec5}
--------------------------

We use the same experimental input as in our previous analysis \[[@CR30]\], unless the experimental collaborations provide updated measurements. For some of the observables, additional measurement by further experimental collaborations have become available; they are added to the previous ones. Both types of updates are listed below.
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Results {#Sec6}
=======

In this section, we review briefly our statistical approach and summarize our fit results in several subsections, providing measures for the goodness of fit. We describe several solutions in the subspace of the Wilson coefficients for all four scenarios introduced in Sect. [2](#Sec2){ref-type="sec"}. Using Bayes factors, we compare models with non-SM Wilson coefficients to the SM($\documentclass[12pt]{minimal}
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Statistical approach {#Sec7}
--------------------

Our results are obtained from a Bayesian fit, similar to our previous work \[[@CR30]\]. The main outputs are samples drawn from the posterior distribution using the EOS flavor program \[[@CR61]\]. The samples are obtained using an algorithm that employs Markov chains, hierarchical clustering, and adaptive importance sampling (for a detailed description we refer to \[[@CR62]\]).
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The fit results regarding model comparison and goodness of fit are listed in Table [3](#Tab3){ref-type="table"}, in which the local evidence is available at a relative precision of 1 % on the linear scale. For an overview of all of the following results on the Wilson coefficients, we refer to Table [4](#Tab4){ref-type="table"}. The pull values entering the $\documentclass[12pt]{minimal}
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Interpretation {#Sec11}
--------------

We conclude this section with a remark on the model comparison. We emphasize again that, to derive the posterior odds, the Bayes factor has to be multiplied by the appropriate prior odds \[see ([4.4](#Equ14){ref-type=""})\], the determination of which is beyond the scope of the present work. Given that the standard model successfully describes the vast majority of particle physics data, our prior odds are in strong favor of the SM($\documentclass[12pt]{minimal}
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Currently the lack of experimental evidence for right-handed weak interactions significantly reduces our prior probabilities of scenarios with chirality-flipped Wilson coefficients SM+SM$\documentclass[12pt]{minimal}
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We find for nearly all combinations of scenarios and data sets, except the "selection" data set, satisfactory $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p$$\end{document}$ values of about 5--$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$10\,\%$$\end{document}$. This indicates that it is possible to find a single parameter point (the best-fit point), at which the data is adequately described. The Bayes factor, in contrast, quantifies the ability to describe the data, averaged over the full parameter space. Concerning the SM scenario, the Bayes factor indicates that the additional parameters do not yield an advantage over the SM($\documentclass[12pt]{minimal}
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We emphasize that this increase in the latter scenarios for the "full (+FF)" data set can be traced to three causes. First, the prior information based on the lattice results is in line with the information on form factor parameters as inferred from the data; see Table [6](#Tab6){ref-type="table"}. Second, chirality-flipped Wilson coefficients can, at least partially, take on the role of subleading contributions to the $\documentclass[12pt]{minimal}
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Evaluating the sensitivity to the prior shape, we repeated the "full (+FF)" fits replacing Gaussian priors with flat priors of the same range---as in Fig. [1](#Fig1){ref-type="fig"}---for all subleading parameters. The Wilson coefficients are determined with the same or slightly higher precision as before. Most of the subleading parameters play a minor role in the fit, so the prior equals the posterior. The two exceptions are the large-recoil parameters $\documentclass[12pt]{minimal}
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===========

Our Bayesian analysis indicates that the standard model provides an adequate description of the available measurements of rare leptonic, semileptonic, and radiative $\documentclass[12pt]{minimal}
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Contrary to all similar analyses, our fits include the theory uncertainties explicitly through nuisance parameters. We observe that tensions in the angular and optimized observables in $\documentclass[12pt]{minimal}
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Among the information inferred from the data are constraints on the parameters of the $\documentclass[12pt]{minimal}
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The rough picture emerging from current data may be summarized as follows. The low-$\documentclass[12pt]{minimal}
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A substantial reduction of uncertainties can be expected for LHCb, CMS, and ATLAS measurements of $\documentclass[12pt]{minimal}
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We model asymmetric uncertainty intervals for the priors with LogGamma distributions (see \[[@CR30]\] for details), while symmetric intervals are implemented as Gaussian priors.
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The overall theory uncertainty of our predictions in the region of large recoil differ substantially from those given in \[[@CR38]\], due to the different treatment of subleading corrections to the form factor relations and the contributions from $\documentclass[12pt]{minimal}
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The central values of our predictions agree within errors with \[[@CR38], [@CR47], [@CR49]\]. At large recoil our theoretical uncertainties are of the same size as in \[[@CR47]\] and much smaller than in \[[@CR38]\], which treats subleading corrections differently. Choosing wider prior ranges leads to small shifts in the central value and can double the theoretical uncertainty that is still smaller than the one in \[[@CR38]\]. At low recoil, subleading corrections are less important and the wider prior ranges practically do not affect the overall uncertainties.

The postdictions are based on the posterior distributions of the fits for each scenario with nominal prior distributions. This includes NP effects in the Wilson coefficients in the scenarios SM and SM+SM$\documentclass[12pt]{minimal}
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This does not apply to NP scenarios with additional (pseudo-) scalar and tensor operators, however, the present LHCb analysis \[[@CR19]\] cannot be applied to such scenarios.

Note that in \[[@CR48]\] Wilson coefficients are determined at the scale $\documentclass[12pt]{minimal}
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